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ANTIPROTON-INDUCED ELASTIC AND INELASTIC SCATTERING
AT INTERMEDIATE ENERGIES

W.-H. Ma tind D.D. Strcttma~
lkorctical Division, Los Alamos National Laboratot y

Los Alamos, New Nlcxico,87545, USA

Wi~h [he construction and subsequent operation of LEAR,bcams of low-energy antiproton
wi[h previously unobtainable intensity and quality were possible. Elastic and inelastic scattering
experiments were pctionned on several nuclei in both the p- and sol-shell as well as on targets of
heavier mass. In the my near future cx~nments with antiproton having momentum of up to 2
Gev/c will be possible. It is the purpose of this brief article to report results of initial calculations
of fi-nucleus scancring for energies that span his new cncrqy region and for which the elementary
~ amplitudes arc known.

The Glmhcr model has proven capable of providing an cxccllent description of the low-en-
ergy ~-nucleus scattering. In this work wc shall usc the Glaubcr model, which not onl y is quite ac-
curate, but requires a minimum of input data for the calculations. The amplimdc for ~,~) cmu
nucleus of A nucleons in the Glaukr Model may be written as

(q2)=ikehM: ~bdbJA~(qb)r:dP,(b) ,
‘M#,

o

where

where AM= Mi-Mf, ~ is the azimuthal angle of & and rMjMr(b) is the nuclear profile function
resulting from evaluating the nuclear matrix clcmcnt. The angular disaibution is calculated by
averaging over intial statesitnd summing over final states:

The single-panicle profile function, rj, is obtained from k ~N amplitude:

“~he superscripts (n) and (p) refer to ~-neutron and ~-proton arnplitudcs, rcspcctivcly. The l]bi
cIcmcntary amplitudes flN)(q) arc aswtmcd to huvc a Gaussian form

(N)
f

ika(N)( I - ip(N)) ~ #q2/2
m-

41t ,N=n, p,

where the vnlucs for u, p, and ~ am taken from the c~pcrimcntal evaluations of I@cno cr d, illd

$mn ~t d, We have iIs~umcd the~.m.uron and”~-protwl intemction arc the same,. .
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‘The initial and final nuclear wave functions that enter our calculations were calculmml M a
sum of Slater detmninams using a version of the Glasgow shell model code. The nuclei % and
‘OCa arc createdasclosed-shell nucici for which them is a single determinant. Ik is trmcd within
the complete p-shell basis for which there are 51 dc[enninants. The wave functions for mass
twelve were abtained using the matrix elements of Cohen et af.

The single-panicle wave func~ions were calculated assuming a Woods-Saxon central po-

tential and binding the nucleons at their experimental energies. The single-particle wave functions
were then expanded in terms of three-dimensional Hermice polynomials, for which the matrix ele-
ments of the profile function are easily calculated.

The values of the total~N cross section, a, the ratio of the real-to-imaginary~N forward
amplitude, p, and [he value of the diffraction-slope parameter, ~, used in our calculations me
given in the following table.

p(Gev/c) T(GeV) @fro-z) P(GV)L—

0,799 om~32 13,2 0.26 -.

1.174 0.565 10.6 0.22 lt;
1.412 0,757 10.0 0,24 14.2
1.776 1,070 9.2 0.14 13,2
2,607 1,833 8.1 0.04 13.1
—

The calculated results are esscntiall independent of small variations in the value of ~.
&Changing p will essentially only affect the pth of the minima, which should not be expected [o

be accurately reproduced in our calculations since we have omitted the Coulomb interaction, Thus,
the only essential sensitivity will be due to ~. The ma’s on this quantity are relatively small. The
principal unknowns arc_the values of the three parameters for the ~n interaction, We have taken
them to be equal 10 the pp interaction, an approximation that has worked quite well at lower ener-
gies.

Figs. 1-3 show results for elastic scattering of antiprotons on IZC, l@, and 4oCa for five o
kim:ic energies from 0.23 to 1,83 GeV. The forward-angle cross section incrcascs as both the tiu-
gct mass and the incident, energy increases. The maximum energy of the antiproton with the up-
graded LEAR should be mtermedlatc between 1.07 and 1,83 GcV, Thus, even at the maximum
energies, one should anticipate being able to measure k angular distribution for scattering from
12C ~n~ IW out to the second minimum and perhaps the subsqucnt maximum. However, it will
mxur at the highest energies inside 200. For ~a one conceivably could measure past the third
minima, h is in this region that effecta_due10the single-pmicle wave functicn and the value of the
diff~ic[ion-slopeparameter, P, of the n intcruction wiU &come more pronounced. Measurement
of Ihc mgultr distributions for IK), Ib or several of the Ca isotopes should allow one more reli-
:Ildy to cxtrxt thepn interaction from expiment.

In Fig. 4 are shown results at the five energies of Inelastic excitation of the 2+ excited state
of :*C. Wc h:wc use”-tw effective cha:gc of ~ =1,5, a value consistent with clcctrnmagnctic
!r;msitions ml other hwirmwirduccd reactions, A value of ~ = 1 would have resulted in angular
distifiu~ions of csscnlially iden[ical sha

r
but il,iving a magnitude of approximwcly two smitllcr,

“‘C enlph:lsizc that our approach inclu es one-lxxiy through A-bcxJy scn[teting (always wiih IIIC
eikcnal restriction that no nucleon is struck more than once).

Although no cxpcrimcrtul dwa is now mmilablc for com arisen with the thcorcticul predic-
tions in Ibis pupcr, the rCSCfli results are suf:lcicndy reliahlc 10r Laguide for me,mmrcmemsin Ihc
vcty nc Jr fume, Wc Aievc Illur illltiproto~l-illd~lccd” cl:lslic A illClilStiC suutcring on nuclei al
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intermediate energies arc particularly interesting. Some new and possiblyunexpected phenomena
may occur owing to thr unique features of the many-body system. It may also produce new in-
formation on both chcnuc!car saucture and the aminucleon-nucleon intemction, in particular the~-
neutron intemction.
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Fig. 1. Differential cross section in laboratory
system for ~-lastic scattering on 12C, 160,
and4%2L The solid lines arc results fur 232
MeV and the dashedlines for 565 MeV.
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Fig. 2. Differential cross section in laboratory
systcm for ~~ltistic sc:utcring on 12C, I@,
illd ‘l’’(’il. The solid lines ore msulls for 757
hlcV old the dashed lines for 1070”McV,
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Fig. 3. Differential cross section in laboratory
s~stem for 1.83 GeV /Mastic scattering on
1*c, I@, ~d ~a,
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Fig. 4, IX@ntial cross scaion in labumory
s wcm for p~lastic scattering m the 2+ ~]t’
l~C w I“Ivcenergies, Note that the 232-McV
id 56!!-McV QNVCS cxlcr,d [o 450 whcmus


